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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

[Insert title of invention] SOLDER 
BALL COLLAPSE CONTROL 
APPARATUS AND METHOD 

THEREOF 

Background of Invention 

[0001] The present invention relates generally to an apparatus having a plurality of solder 
connections and more specifically to an integrated circuit having a solder ball array. 

[0002] A typical computing system is composed of multiple processors and various 
memory components disposed on multiple fabricated chips of integrated circuits 
which may be integrated using different forms of intermediate mediums for 
interconnecting the components, such that the different processors and memories 
may interact. One common example of a connecting medium is a printed circuit board 
(PCB) as the PCB provides electrical connection between the processors, memories, 
and different input and output devices. 

[0003] With the refinement of processing systems and the further integration of 

processing elements in combination with smaller space requirements for modern 
computing systems, problems can arise in the manufacturing of these computing 
systems with the connection of the multiple components. Typically, the components 
are connected directly to each other and through the PCB, wherein the components 
are soldered together using a plurality of solder balls to create solder joints or a wire 
bond connection. Solder joints provide an electrical connection between the individual 
component and the PCB, and also maintain the position of the component relative to 
the PCB. 

[0004] As amount of available space with the processing system decrease, a major 
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concern is heat between the components. In order to provide proper operations of the 
processing system, minimum distances are required to allow air gaps between the 
components and the printed circuit board. Furthermore, these air gaps must be 
maintained with respect to the solder joints. 

[0005] One solution to providing and maintaining the minimum distance between two 
elements when they are soldered together is to place at least one column member 
composed of a material having a higher melting temperature amongst the plurality of 
solder balls such that when solder balls are melted, the column members do not melt. 
Thereupon, as the solder balls melt, the columns maintain the minimum distance. 

[0006] During manufacturing of an integrated circuit, it is cost prohibitive to manufacture 
an integrated circuit having the plurality of solder balls and then also add another 
manufacturing step of placing the plurality of spacers, such as columns, on the 
integrated circuit. For cost effectiveness, when the integrated circuit is being 
manufactured, there exists a need for maintaining the collapse of the solder balls to 
allow for the air gap while also not requiring additional manufacturing steps. 

Brief Description of Drawings 

[0007] The invention will be more readily understood with reference to the following 
drawings, wherein: 

[0008] FIG. 1 is a perspective illustration of a bottom surface on an integrated circuit, in 
accordance with one embodiment of the present invention; 

[0009] FIG. 2 is a perspective view of a top surface of the integrated circuit of FIG. 1 in 

relation to a printed circuit board, in accordance with one embodiment of the present 
invention; 

[0010] FIG. 3 is a cross-sectional view of FIG. 2 along the lines Ill-Ill. 

[001 1] FIG. 4 illustrates another embodiment of the top surface of the integrated circuit 
in relation to the printed circuit board, in accordance with one embodiment of the 
present invention; 

[0012] 

FIG. 5 is a cross-section of FIG. 4 along the lines V-V, after soldering heat has 
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been applied; 

[001 3] FIG. 6 is an enlarged view of a portion of the cross-section of FIG. 5, in 
accordance with one embodiment of the present invention; 

[0014] FIG. 7 illustrates the disposition of a first solder joint and a second solder ball 
after the application of the soldering heat; 

[001 5] FIG. 8 illustrates a second solder ball, in accordance with another embodiment of 
the present invention; 

[001 6] FIG. 9 illustrates an embodiment of the disposition of a first solder joint in relation 
to a control solder joint after the application of the soldering heat; 

[001 7] FIG. 1 0 illustrates a flowchart of the steps for making a solder ball array, in 
accordance with one embodiment of the present invention; and 

[001 8] FIG. 1 1 illustrates a flowchart of the steps for making an integrated circuit in 
accordance with one embodiment of the present invention. 

Detailed Description 

[001 9] Generally, a solder ball collapse control apparatus includes a plurality first solder 
members, wherein the first solder members are pieces of solder material in a shape 
capable of being used to properly create a solder joint. Each of the first solder 
members have a first solder dimension and a first melting temperature. The first 
solder members are disposed on a carrier substrate, wherein the first solder members 
include any piece of material capable of being disposed on the carrier substrate using 
a solder dispensing machine. The solder ball collapse control apparatus further 
includes a plurality of second members, each having a second member dimension and 
a second melting temperature. The plurality of second members are disposed on the 
carrier substrate in a corresponding relationship to the plurality of first solder 
members. The second members include any piece of material capable of being 
disposed on the carrier substrate using the solder dispensing machine. The first 
solder member dimension is greater than the second member dimension and the 
second melting temperature is greater than the first melting temperature. 
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[0020] The solder ball collapse control apparatus provides for a minimum distance 
between the carrier substrate and any surface upon which the substrate may be 
attached, such as a printed circuit board (PCB). When a soldering heat having a 
temperature greater than or equal to the first melting temperature and less than the 
second melting temperature is applied, the first solder members are melted to create 
solder joints and the second members do not melt, thereby maintaining the minimum 
distance. 

[0021] In another embodiment, the second members further include an outer layer of 
solder material having a melting temperature approximately equivalent to the first 
melting temperature, wherein when the soldering heat is applied, the second 
members create a solder control joint, allowing for both an electrical solder joint and 
maintenance of the minimum distance. 

[0022] FIG. 1 illustrates an integrated circuit 1 00, more specifically a bottom surface 1 02 
of a carrier substrate 104 of the integrated circuit 100. Disposed on the bottom 
surface 102 is a solder ball array 105, wherein the solder ball array 105 includes a 
plurality of first solder members 1 06 and a plurality of second members 1 08. Further 
illustrated in FIG. 1 is an application specific integrated circuit (ASIC) 1 10 disposed on 
the carrier substrate and within the solder ball array 104. 

[0023] 

The carrier substrate may be composed of bizmalemide triazine (BST) having a 
plurality of internal wiring (not visible) for connecting the ASIC 1 1 0 to the solder ball 
connection points, not visible as they are disposed underneath the plurality of first 
solder members 106. The term solder member, also generally referred to as a solder 
ball, is generally used to refer to any type of a solder deposit capable of being injected 
on the carrier substrate 1 04 by a solder dispensing machine, for example an MSA- 
250-A-pluss manufactured by Motorola, Inc., 1303 East Algonquin Road, 
Schaumburg, IL USA. A typical solder member, such as 106, has a bulbous shape, but 
as recognized by one having ordinary skill in the art, by adjusting the viscosity and 
chemical make-up of the solder member, the shape of the solder member may be 
readily adjusted to a different shape. Therefore, a solder member, as used herein, 
includes any shape that may create a solder joint, including but not limited to a 
square, a rectangle, a dome, a ball, or any other shape as recognized by one having 
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ordinary skill in the art. 

[0024] The plurality of first solder members 106 are composed of a solder material 

having a first melting temperature, such as, but not limited to, a lead tin eutectic alloy 
with a melting temperature of approximately 183 degrees centigrade. Furthermore, 
the plurality of first solder members have a first dimension, such as, but not limited 
to, approximately 0.6 millimeters in diameter. In the preferred embodiment, the first 
solder member 1 06 is a solder ball, but as stated above, may include any other solder 
member shape. 

[0025] Further disposed within the solder ball array 1 06 are the plurality of second 
members 1 08. The second members 1 08 have a second dimension and a second 
melting point. The second members 108 are composed of a material having a melting 
temperature higher than the first melting point, such as, but not limited to, a high 
lead content material, such as, but not limited to, over approximately 95 percent lead, 
which has a melting temperature approximately greater than 300 degrees centigrade, 
and further consist of any member capable of being dispensed by the solder 
dispensing machine. In one embodiment, the second members 108 are in the shape 
of solder balls, as readily dispensed by the solder dispensing machine. In one 
embodiment, the second dimension of the second members 108 is approximately 
0.45 millimeters in diameter, which provides a minimum dimension between the 
application specific integrated circuit 1 10 and the item upon which the carrier 
substrate 104 may be soldered. As recognized by one having ordinary skill in the art, 
any other suitable dimension for the second member may be utilized and the stated 
dimension is not meant to be so limiting herein. 

[0026] FIG. 2 illustrates the integrated circuit 1 00 and the carrier substrate 1 02, more 
specifically a top surface 1 1 2 having a heat sink 1 1 4 and a plurality of chip scale 
packaged memories 1 16 disposed thereon. For further reference, the circuit having 
the application specific integrated circuit 1 10 on the bottom surface 102 and the heat 
sink 1 1 2 with multiple chip scale packaged memories 1 1 6 is discussed in copending 
Patent Application entitled INTEGRATED CIRCUIT HAVING MEMORY DISPOSED 
THEREON AND METHOD OF MAKING THEREOF having Attorney Docket No. 
001 00.02.0038 with a filing date of XXX, XX, 2002. 
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[0027] Further illustrated in FIG. 2, the integrated circuit 100 is disposed upon a 

connection surface 1 18, such as a PCB. Not visible in FIG. 2, the integrated circuit 102 
is disposed on top of the first surface 1 1 8 in contact by the solder ball array 106. 

[0028] In order to provide further clarification, FIG. 3 illustrates a cross-sectional view of 
FIG. 2 along the cross-sectional line Ill-Ill. As illustrated in FIG. 3, the solder ball array 
105, consisting of the first solder balls 106 and the second members 108 are 
disposed between the carrier substrate 102 and the printed circuit board 1 1 8. Further 
illustrated is the relationship of the ASIC 1 1 0 with relation to the printed circuit board 
1 1 8. FIG. 3 also illustrates the connection of the second members 1 08 to the bottom 
surface 104 of the carrier substrate. Also shown in FIG. 3, disposed on the top surface 
1 12 of the carrier substrate 102 are the heat sink 1 14 and the chip scale package 
memory 1 1 6. The chip scale package memory is in contact with the carrier substrate 
1 02 using a plurality of solder balls 1 20 similar to the first solder members 1 06, 
having a dimension of approximately 0.3 millimeters similar melting temperature of 
approximately 183 degrees centigrade. 

[0029] FIG. 4 illustrates an alternative embodiment of the integrated circuit 100 having 

the plurality of memories 1 1 6 and a heat sink 1 22 disposed on the top surface 1 1 2 of 
the carrier substrate 1 02 disposed in relation to the printed circuit board 1 1 8. Not 
visible within FIG. 4, the integrated circuit contains the ASIC 1 1 0 and solder ball array 
105 on the bottom surface between the printed circuit board 100 and the carrier 
substrate 1 18. 

[0030] During the manufacturing process, to solder the integrated circuit 1 00 to the 

printed circuit board 1 1 8, a soldering heat having a temperature equal to or greater 
than the melting point of the first solder material is applied. 

[0031] F | C 5 i|| us trates a cross-section of FIG. 4 along the line V-V, after the soldering 
heat has been applied. The cross-section of FIG. 5 shows the first solder joint 124 
deformed due to the collapsing of the carrier substrate 102 in relation to the printed 
circuit board 1 18 and the melting of solder balls 106. Also shown in the cross- 
sectional view of FIG. 5 is the minimum dimension 1 26 defining an air space between 
the ASIC 1 1 0 and the printed circuit board 11 8, as defined by the second members 
1 08 which maintain their dimensions when the soldering heat is applied. Also 
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illustrated in the cross-section of FIG. 5 are the plurality of solder joints 128 created 
between the chip scale package memory 1 1 6 and the carrier substrate 1 02 when the 
soldering heat is applied. As recognized by one haying ordinary skill in the art, the 
heat sink 1 14 is composed of material unaffected by the soldering heat, thereby 
maintaining its original form, and operating in accordance with known heat sink 
technology. 

[0032] FIG. 6 illustrates an enlarged view of the dimensions of the soldered processing 
system composed of the carrier substrate 1 02, the ASIC 1 1 0, the air gap 1 26 and the 
printed circuit board 1 1 8. In one embodiment, the air gap 1 22 defined by the solder 
ball collapse control has a height of approximately 100 microns, but as recognized by 
one having ordinary skill in the art, any other suitable air gap 1 26 dimension may be 
utilized, wherein the air gap 126 is defined by the solder ball collapse control of the 
solder ball array 1 05. 

[0033] FIG. 7 illustrates an enlarged view of the solder joint 124 between the carrier 
substrate 1 02 and the printed circuit board 1 18. Also illustrated is the second 
member 108 maintaining the minimum dimension. As stated above, the second solder 
member has a melting temperature greater than the melting temperature of the first 
solder members 1 06, therefore when the soldering heat is applied, only the first 
soldering members 106 are transformed into solder joints 128 causing the collapse of 
the integrated circuit 1 00 in relation to the printed circuit board 1 1 8, wherein the 
collapse is controlled by the second members 1 08. 

[0034] 

FIG. 8 illustrates an alternative embodiment of a solder member 1 30 for use in the 
solder ball collapse control apparatus of FIG. 1 . The second solder member 1 30 
includes a solder member 108, as described with the first embodiment and with 
reference to FIGS. 1, 3 and 5. Further included in the alternative embodiment, the 
solder member 1 30 includes an outer layer 1 32 which encases the second solder 
member 1 08. In one embodiment, the outer layer 1 32 is composed of a material 
having a melting temperature similar to the first melting temperature with respect to 
the first solder members 1 06. As recognized by one having ordinary skill in the art, 
the outer layer 1 32 may be composed of any solder material having a melting 
temperature such that when the soldering heat is applied, the solder material 
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thereupon melts. Similarly, as discussed above, the second solder member 1 30 is 
illustrated having a circular shape, but any other acceptable formation which will 
provide for soldering between the carrier substrate 102 and the printed circuit board 
1 1 8 and capable of being deposited using the solder dispensing machine, is 
recognized herein. 

[0035] FIG. 9 illustrates another embodiment of the solder ball collapse control apparatus 
of the present invention. Similar to FIG. 7, the carrier substrate 1 02 is soldered to the 
printed circuit board 1 1 8 after a soldering heat is applied. Also illustrated in FIG. 9 is 
a solder control joint 1 32 which consists of the second member 108 having a melted 
outer layer 1 34. As such, when the soldering heat is applied, the solder joint 124 is 
formed and the control solder joint 1 34 is formed, meanwhile the second solder 
member 1 08 controls the collapse of the carrier substrate 1 02 with respect to the 
printed circuit board 1 1 8. 

[0036] FIG. 1 0 illustrates a flowchart representing the steps of a method for making a 
solder member collapse system. The method begins 140, by applying a plurality of 
first solder members having a first diameter and a first melting temperature to the 
bottom surface of a carrier substrate, designated at step 142. As discussed above, a 
plurality of first solder members 106 have a first diameter, such as 0.6 millimeters 
and a first melting temperature of 1 83 degrees centigrade. Next, step 144 a plurality 
of second members having a second diameter and a second melting point are applied 
to the bottom surface of a carrier substrate. These plurality of second members, such 
as members 1 08 or members 1 30 are also disposed on the carrier substrate 1 04. In 
one embodiment, the first solder members are solder balls and the second members 
are also solder balls, but any other form of deposit as provided by the solder 
dispensing machine may be applied to the bottom surface of the carrier substrate. 
More specifically, the plurality of first solder members 106 and the plurality of second 
members, 1 08 or 1 30, make up the solder ball array 1 05 as illustrated in FIG. 1 . 
Thereupon, a solder ball collapse control system is disposed on the bottom surface of 
the carrier substrate, step 146. 

[0037] 

FIG. 1 1 illustrates a flowchart of the steps for making an integrated circuit in 
accordance with one embodiment of the present invention. The process begins, 1 50, 
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by applying a plurality of first solder balls, such as solder members 106, having a first 
dimension and a first melting temperature to a bottom surface, such as 1 02, of a 
carrier substrate, such as 104, designated at step 1 52. Thereupon, step 1 54, the 
process includes applying a plurality of second solder balls, such as second members 
1 08 or 1 30 having a second dimension and a second melting temperature to the 
bottom surface of the carrier substrate. Thereupon, the integrated circuit is made by 
attaching an integrated circuit, such as application specific integrated circuit 1 10, on 
the bottom surface of the carrier substrate such that a minimum distance, such as an 
air gap, is disposed between the integrated circuit and a printed circuit board, such as 
1 1 8, designated at step 1 56. 

[0038] Moreover, at least one heat sink, such as 1 1 4 or 1 22, is attached to a top surface, 
such as 1 12 of the carrier substrate, designated at step 1 58. Furthermore, the bottom 
surface of the carrier substrate is engaged with a top surface of the printed circuit 
board, designated at step 1 60. Thereupon, a heat having a temperature greater than 
or equal to the first melting temperature but less than the second melting 
temperature is applied to the carrier substrate and the printed circuit board such that 
the plurality of first solder balls create a plurality of solder joints between the bottom 
surface and the top surface and the plurality of second solder balls define the 
minimum distance between the carrier substrate and the printed circuit board, 
designated at step 162. As described above, the second solder balls control the 
collapse of the carrier substrate with respect to the printed circuit board by 
maintaining their second dimension in response to the soldering heat applied thereon. 
As discussed above, in one embodiment, the second solder balls maintain their full 
shape and define the air gap, and in another embodiment, the second solder balls 
create a solder control joint wherein the outer layer is melted and thereupon provides 
an electrical solder joint having a core of the original second solder members. 

[0039] (t 5^0^ be understood that the limitations of other variations and modifications 
of the invention in its various aspects as may be readily apparent to those of ordinary 
skill in the art, and that the invention is not limited by the specific embodiments 
described herein. For example, the solder ball collapse control method and apparatus 
may be utilized for the soldering of a plurality of solderable elements wherein an air 
gap must be defined and maintained, and the dimension of the air gap 126 between 
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the carrier substrate 1 02 and the printed circuit board 1 1 8 is for illustration purposes 
only and not herein so limiting. It is therefore contemplated to cover by the present 
invention any and a!! modifications, variations or equivalents that fall within the spirit 
and scope of the basic underlying principles disclosed and claimed herein. 
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